overall mass transfer coefficients in the analysis. The purposes of this paper are to derive analytical solutions for three special cases of the Langmuir isotherm systems by extending the treatment of Cooney and Strusi, and to clarify the conditions under which the analytical solutions are approximately applicable.
Development of the Analytical Solutions

1 Basic equations
The calculation of the BT curves for zone II is the object of the analysis. The dimensionless basic equations under the CP and LDF approximations are written as follows2} :
Rate equations :
The definitions of the dimensionless parameters in the above equations are given in a separate paper2\
The solid-phase concentrations at the particle surface, ylt and y2i9 are related to xu and x2i through the following dimensionless Langmuir isotherms : x1=(l -xlm)x2Jrxlm
The case pointed out by them corresponds mathematically to the case ofCi->oo, C2->°°and <ps=\; in other words, intraparticle diffusion controls and the solidphase mass transfer coefficients are identical. This case is called case 3 in this paper. The parameter <f>s is the ratio ofksl to ks2.
It was found in the more detailed study that the same relation as that shown by Eq. (6) holds in two cases other than the case 3 first found by Cooney and Strusi.
The two cases are that in which ratios of both the fluidand the solid-phase mass transfer coefficients are unity, namely^/=1 and <f>s=l (case 1), and that in which external fluid-film mass transfer is controlling and the ratio of the mass transfer coefficients is unity, that iŝ =0, £2=0 and <f>f=l (case 2). In these three cases, a linear relation was also found to hold between the dimensionless concentrations at the solid-fluid interface, xu and x2i.
Using the relations of Eqs. (6) and (7), analytical solutions can be obtained*. where a is defined as
* The proof that Eqs. (6) and (7) satisfy the basic equations in the three cases is available.
Equations (2), (4) and (8) Conversion from x2i to x2 is performed by
Case 2: Fluid-film mass transfer controlling (Ci=0, C,=0) and^=l In this case the solution is reduced from Eq. (10) if C2 is set equal to 0. The concentration x2i is converted to x2 by use ofEq. (ll).
-X^j-^ln^-^lnG-^+l (12) where 0f=kfav(t-~z) (pbq2olC2O) and Xf=kf2av(zju) In the above three cases the concentrations of component 1 are calculated by the aid ofEq. (6).
Examination of Applicability of the Analytical Solutions to Practical Problems
The three cases presented above will probably be seldom encountered in practice, and strictly speaking the usefulness of the analytical solutions is restricted. However, in cases where the linear relation holds approximately between xx and x2, the analytical solutions can be considered applicable. To estimate more precisely the permissible deviation of (j)f and (f)s from unity for application of the analytical solutions to practical cases, the relations shown in Figs. l(a) to l(c) were replotted in the form of BTcurves. Figure 2 shows the BTcurves correspondingto Fig. l(c) , that is, the case where both resistances are significant. In this figure kf2 and ll, 123 (1972) .
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